Abstract Resistant hip infection in adults can be a complicated problem that does not respond to surgical and medical treatment. In such cases, the only remaining option is excision arthroplasty. This line of treatment can eradicate the infection but also is associated with poor function.
Introduction
Postoperative infection is a devastating problem in orthopaedics. This condition is associated with detrimental effects on the quality of life and the cost of treatment [18] . Management of such a condition requires radical débride-ment with removal of dead bone and tissues, and any foreign body such as a plate, screws, and/or artificial joint. After this, proper antibiotic therapy is administered followed by reconstruction. The aim of reconstruction is to regain the best functional outcome possible [4, 16] .
In cases of recurrent hip infection or infected total hip prostheses, reconstruction can be performed by excision of the femoral head or removal of the prosthesis, thorough débridement, intravenous antibiotic therapy, and either single-or two-staged reimplantation of a total hip prosthesis [9, 23] . Hip fusion occasionally is required [14] . Rarely, patients who are immunocompromised or have infections resulting from bacteria with antibiotic resistance, creating a high risk of recurrent infection, are treated by excision arthroplasty [22] .
The advantage of excision arthroplasty or the Girdlestone operation is that it is associated with a lesser risk of infection recurrence than other types of treatment [19] . This technique may be used after removal of an infected hip prosthesis or in rare cases of hip or acetabular fractures complicated by severe postoperative infection and necrosis of the femoral head [19, 22] . Excision arthroplasty and the Girdlestone operation are known to cause severe Trendelenburg gait as a result of abductor weakness, marked shortening of the limb, hip instability, pain, difficulty walking, increase in the energy demand during gait, and abnormal stress on the spine and other joints [5] . Later conversion of excision arthroplasty to THA is associated with a high risk of recurrence of infection, hip dislocation, persistent abductor weakness, pain, limping, and limited improvement of function [2, 21] . Also, not every patient is suitable for such a procedure. Schanz and others pointed out, in cases of proximal femoral instability, if the femur is angled, by aligning the upper fragment with the side wall of the pelvis and the lower fragment parallel with the axis of weightbearing, the instability and lurching gait improve (pelvic support osteotomy). The theory is to increase the contact surface area between the femur and the pelvis to prevent proximal migration and, at the same time, to increase the distance between the origin and insertion of the abductor muscles to improve muscle efficiency [3] . The lower greater trochanter improves the leverage of the glutei [1, 11, 17] . The Ilizarov modification of this technique added another distal femoral osteotomy for lengthening and correcting the mechanical axis of the leg [10, 12, 20] .
The aims of this study were to determine whether pelvic support osteotomy with Ilizarov modification can improve hip function in patients who had resection arthroplasty and whether this improvement can improve ambulatory function. Another aim was to assess the risks and complications expected with such a technique.
Materials and Methods
Between 2001 and 2004, 16 patients previously treated by excision arthroplasty for management of recurrent postoperative hip infection after multiple surgical procedures were referred to the limb reconstruction and deformity correction unit at my institution. The 16 patients had undergone multiple surgical procedures for management of postoperative infection that ended with excision hip arthroplasty. They then were referred for further treatment to improve their function. This study included 11 patients who continued followup for more than 2 years after removal of external fixation. Of the original 16 patients, five patients were lost during early followup after removal of external fixation. One patient died 20 months after external fixation removal as a result of heart problems, and the other four patients were lost as a result of change of address. At the time of presentation to our clinic, all of these patients appeared clinically free of infection with no drainage from the hip wounds and all were able to walk with some assistance and/or crutches. Many of the patients in this series had concomitant health conditions associated with immunocompromise ( Table 1 ). The mean age was 51.9 years (range, 45-61 years). The average duration between the time of excision arthroplasty and the patient's presentation for pelvic support osteotomy was 26 months (range, 16-34 months). The study was approved by the ethical committee of my university hospital.
Preoperative assessment included a clinical examination. The radiographic assessment included plain radiographs of the pelvis in neutral and single-limb standing positions to plan for the required valgus angle (the valgus angle required was the amount of pelvifemoral angle during the single-limb standing position plus 15°for more tension on the abductor muscles) and maximum hip adduction radiograph to plan for the level of osteotomy. Laboratory investigations included complete blood count, erythrocyte sedimentation rate, and quantitative C-reactive protein. Preoperative hip function was assessed in all patients using the Harris hip score [6] . Surgery was performed with the patient in the supine position. The level of proximal pelvic support osteotomy was identified by fluoroscopy with the hip in maximum adduction. A proximal osteotomy was performed at the level of the ischial tuberosity and the proper magnitude of valgus was fixed, according to the preoperative plan, using external fixation with three Schanz pins proximal to and three distal to the osteotomy. The other distal femoral osteotomy was performed to lengthen and adjust the mechanical axis using the Ilizarov technique and external fixation system (Fig. 1) . The mechanical axis was assessed intraoperatively and during postoperative followup, and adjustment of any mechanical axis deviation was performed as needed by adjustment of the external fixator. The standard rate of distraction was 1 mm/day, but it was modified according to the rate of bone formation. In cases with slow bone formation, the rate was slowed to a 0.5 mm/day. The pelvic support osteotomy was performed with the hip left undisturbed in all patients.
Patients began walking and physical therapy was started during the first postoperative week. Clinical and radiographic followups were every 2 to 4 weeks until there was full consolidation and union of the proximal osteotomy and distraction callus at the distal osteotomy site (Fig. 2) . Removal of external fixation was performed with the patient under general anesthesia with manipulation of the knee. Patients continued physical therapy after removal of external fixation until maximum function was regained. The Harris hip score was used every year and at the final followup for assessment of the functional outcome.
Data were collected, revised, verified, and then edited on a personal computer. The data then were analyzed using the SPSS statistical package, Version 13 (SPSS Inc, Chicago, IL). The preoperative and postoperative Harris hip scores were compared using independent and paired t tests. Significance was set at p = 0.05.
Results
Treatment with pelvic support osteotomy improved the Harris hip score for all patients. The mean preoperative Harris hip score was 43.5 (range, 31-50). This score improved at the final followup with a mean final followup score of 70.9 (range, 65-80; p \ 0.001). The mean range of movement for flexion in the surgically treated hip was 90°(range, 80°-120°) before treatment and 124°(range, 100°-140°) at final followup. Abduction range of movement improved from 8°(range, 0°-15°) preoperatively to 22°(range, 10°-30°) at the final followup.
Before treatment, four of the 11 patients were using a walker, six were using crutches, and one was using a cane for outdoor walking. At the final followup, two patients were using crutches, five were using a cane, and four required no support for outdoor activity ( Table 2 ).
All patients had minor complications in the form of recurrent infections. These infections occurred most commonly around the most distal and most proximal femoral pins; the longer the duration of external fixation, the more frequently the infections occurred. Most of these superficial infections responded to more frequent pin care and oral antibiotics. However, deep pin tract infection was encountered (Table 2) , which required intravenous antibiotics and/or removal and replacement of that pin with a new one in another location. Other complications included Fig. 1 The radiograph shows the pelvic support proximal femoral osteotomy with increased surface contact area between the femur and pelvis, more horizontal proximal femur, more medial center for rotation, and more distal abductor insertion. The distal femoral osteotomy is done for adjustment of mechanical axis of the limb and correction of limb length discrepancy. The line on the left side of the figure shows the proximal femoral osteotomy valgus angulation and the distal femoral osteotomy varus angulation and lengthening, and the line on the right side of the figure shows the adjustment of the mechanical axis of the femur and its 90°relation to the horizontal pelvis.
residual knee stiffness, valgus knee, and slow callus consolidation ( Table 2) .
The mean duration of external fixation was 9.45 months (range, 7-12 months). The lengthening achieved at the distal femoral osteotomy site was a mean of 4.9 cm (range, 3-7 cm). The mean radiographic consolidation index of the distraction callus was 1.5 months/cm (range, 1.1-2.3 months/cm), and the mean external fixation index was 1.9 months/cm (range, 1.5-2.4 months/cm). The length was clinically equalized to the contralateral (normal side) in seven patients and within 2 cm in four patients. All patients were positive for the Trendelenburg sign at the preoperative assessment and negative at the final postoperative assessment.
Discussion
The aims of this study were to determine whether pelvic support osteotomy with Ilizarov modification can improve hip function in patients who had resection arthroplasty and whether this improvement can improve ambulatory function and to assess the risks and complications expected with such a technique.
The limitations of this study include the small sample size and the relatively short duration of followup, but it presents an alternative in treating patients with resistant hip infection and excision arthroplasty.
Excision hip arthroplasty is used in the treatment of severe, resistant hip infection. Despite the fact that this type of treatment is associated with a poor functional outcome, it often is required as it effectively eradicates limb-and life-threatening infection. Numerous authors have tried to improve the functional outcome in patients with Girdlestone arthroplasties by resorting to reimplantation THA [2, 5, 14, 21] or hip arthrodesis [14] . Unfortunately, total hip reimplantation often is unsuccessful because of the technical difficulty [2, 5, 14] , reinfection risks as much as 10% [5, 16, 24] , and poor functional outcomes resulting from severely compromised soft tissue and muscle structures [21] . Dislocation rates in this setting approach 14% [7] and early mechanical component loosening occurs in 9% of cases [15] .
The results of hip fusion in this setting also frequently are unacceptable. The technique is very demanding because of the extensive bone loss [14] and there is also risk of reinfection of the internal fixation devices required. The compromised positioning of the fusion and limb shortening associated with arthrodesis in this setting result in substantial functional limitations and severe stress on the spine and the knee. Patient acceptance generally is poor [3, 19, 22] .
Pelvic support osteotomy has the advantage of being a relatively easier surgical technique, which gives the hip mobility and improved abductor function and limb length equalization and hip stability with no hardware left inside and little or no risk of infection recurrence [13, 20] . Abductor function improvement with such a technique is the result of the shift of the hip fulcrum more medially and lowering the greater trochanter. Hip stability is improved by making the proximal fragment more horizontal and increasing the surface area of contact between the proximal femur and the lateral wall of the pelvis exerting a frictional pelvic support. The disadvantage of this technique is the long duration of treatment and the need for patient cooperation. The long duration of treatment is usually the result of slow consolidation of the newly formed bone in patients with multiple medical problems or in the elderly. However, this technique can be safer than other techniques.
The functional Harris hip score reported for patients with excision arthroplasty averaged 58 preoperatively, which improved to 64 after reimplantation of the total hip prosthesis an average of 3 years after excision arthroplasty [21] . This improvement was considered marginal by the authors and comparable to a good functioning pseudarthrosis [21] . With two-stage revision arthroplasty for the treatment of infection, the Harris hip score improved from an average of 53 to an average of 92, and the risk of infection recurrence with two-stage revision arthroplasty was 6% [8] . In the current study, the risk of infection recurrence was zero and function was improved as reflected by the increase in the Harris hip score from an average preoperative value of 43.5 to 70.9 at final followup. It is my opinion that the improvement in the range of movement at the final followup results from the improved hip stability, which encourages patients to engage in physical therapy and more frequent ambulation.
Pelvic support osteotomy with Ilizarov modification can provide an alternative to other techniques in managing patients having excision arthroplasty who are severely disabled as a result of abductor weakness, instability, and limb length discrepancy. It should be considered for patients who are not good candidates for THA because of the fear of infection recurrence and poor local bone and muscle quality. When one performs this surgical procedure, the goal is to make it the definitive treatment because the femoral deformity caused by this procedure makes subsequent THA extremely difficult. This technique can result in marked improvement in patient function. The long duration of external fixation, the frequent occurrence of pin site infection, and other complications, need to be explained to the patient before doing the procedure.
